Material and methods
Gymnocypris eckloni Herzenstein (1 female and 2 males) were collected from the Heihe River, a branch of the Yellow River; Leuciscus waleckii (Dybowski) (2 females) were collected from Liu Jiaxia in Gansu Province. Ctenopharyngodon idellus (Cuvier et Valenciennes) (2 females and 2 males) and Culter erythropterus (2 females and 1 male) were derived from Wuhan. The chromosomes of G. eckloni and L. waleckii were obtained from kidney cells by direct PHA injection as described by Yu et al. (1989) . The chromosomes preparation of C. idellus and C. erythropterus were made by standard kidney cell culture (Yu et al. 1989 ).
The counter-staining and observation of Actimycin D (AmD)/DAPI used the procedure developed by Schweizer (1976a) . Silver nitrate staining followed Howell and Black (1980) . Distamycin (DA)/CMA counter-staining procedure was as follows: The slides were stained directly for 5-15 min with 0.2-0.3mg/ml DA dissolved in Mcllvaine citric acid-Na2HPO4 buffer pH 6.9-7.0, then briefly rinsed with buffer and stained with CMA (0.12mg/ml) in McI lvaine containing 10mM MgCl2 for 5-15 min and finally, washed in McIlvaine buffer and mounted in saturated saccharose solution. CMA fluorescence was viewed with a Olympus BH fluorescense microscope, the filter combination was BP 450-495/FT510/LP520-530.
Results
The karyotype formulae of G. eckloi, L. waleckii, C. idellus, and C. erythropterus are 2n=94=26m+28sm+22st+18t, 2n=50=18m+20sm+6st+6t, 2n=48=18m+24sm+6st, and 2n=48=16m+26sm+6st
respectively (Yu et al. 1989 ).
AmD/DAPI staining AmD/DAPI staining led to the visualization of DAPI-positive (DAPI+-) heterochromatic blocks in G. eckloni ( Fig. 2A) , the 4 DAPI bright regions were located intestially on the third and eighth pairs of metacentric (m3 and m8) homologues. No AmD/DAPI-bright heterochro matic blocks were detected in the genomes of other cyprinid species examined. In other species, the fluorescence pattern along the chromosome is rather uniform (see e. g. Fig. 3A ). DA/CMA staining There was a great difference in the DA/CMA staining results in the four species . In G. eckloni and L. waleckii, there were 4 and 2 bright DA/CMA fluorescing regions correspond ing to Ag-NORs respectively (see e. g. Fig. 1 ). In C . idellus, in addition to the 6 Ag-NORs ( Fig. 3C ), other extra 2 brightly fluorescing regions were visualized terminally residing on the short arm of sm2 chromosomes (Fig. 3D ), which probably was inactivated NORs . In C. erythropterus, 6 NORs were visualized by silver nitrate staining (Fig . 2B ), but only 2 NORs showed brilliant CMA fluorescence (Fig. 2C ), this type of NORs was called as common NORs representing positive staining of both CMA and silver nitrate. The remain Ag-NORs that could not be differentiated by CMA were called as CMA negative (CMA-) NORs . CMA-
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NORs have not been recognized in fishes and other ve rtebrate species except in mammals b efore. In addition to the brilliant CMA-NORs , some regions were also brightly stained by CMA , these regions were located intestially on sm5 and sm e chromosomes ( Fig. 2C ) and might b e heterochromatic blocks . CMA+-heterochromatin was detected only in C . erthropterus, one species belonging to subfamily Cultrinae .
Discussion
To our knowledge, this is the first report on the AmD/DAPI positive hetero chromatin and clear CMA positive hetero chromatin found in the genomes of Cypri nidae. So far, DAPI+-or CMA+-heterochro matin has been found in other fish families (Haaf and Schmid 1984 , Mayr et al. 1987 , Philips and Ihssen 1985 , Kalat et al. 1985 , insects (Schweizer et al. 1983 , John et al. 1985 , plants (Schweizer 1976 , Schweizer 1979 , Deumling and Greilhuber 1982 , amphibian species, reptiles, birds, and mammals (Schmid and Guttenbach 1988 , Schweizer 1880 , Schnedl et al. 1981 , Mayr et al. 1983 ). As in e. g. insects (John et al. 1985) and amphibians (Schmid and Guttenbach 1988) , three types of heterochromatins, i. e. AT rich, GC-rich, and common heterochromatin which is neither AT-rich nor GC-rich were also detected in the genomes of Cyprinidae. The distribution of GC or AT base pairs is not uniform along some cyprinid chromo somes. Since neither DAPI+-nor CMA+ heterochromatin has been detected in the genomes of Cyprinidae distributed over other territories, Chinese Cyprinidae, at least some species of which, might have under gone an uniquely evolutionary process, during which in addition to the polyploidization or chromosomal rearrangement, AT-rich or GC-rich heterochromatin formation or/and amplifiation must have happened to e. g. G. eckloni and C. erythropterus. Whether this is the case needs further study. This work also showed that in the genomes of Cyprinidae there exist three types of NORs, i. e. i). common NORs that could be detected by both CMA and silver nitrate staining, ii). CMA+-NORs that were inactivated and could be showed not by silver nitrate but by CMA staining, and iii). CMA--NORs which could not be identified by CMA staining but could be detected by silver nitrate. The last type of NORs was firstly recognized in present work. It has been reported previously that CMA or Mithramycin staining has the advantage over silver staining in that NORs are labled independently of their state of activity (Amemiya and Gold 1986, Schmid and Guttenbach 1988) . This is true for C. idellus, L. waleckii, and G. eckloni but not true for C. erythropterus. These findings showed that CMA (or Mithramycin) staining is not reliable in identifying NORs in fishes or/and even in other lower vertebrate chromosomes in all cases, since not only GC-rich heterochromatin is highlighted by CMA but also there are CMA-negative NORs. It was suggested that the brilliant CMA fluorescence of the NORs is favoured by the rather high GC-content of rDNA (e. g. Sinclair and Brown 1971) because of CMA's being thought to sellectively bind to GC-rich rDNA. The total size of the rDNA cluster within the NOR might be the decisive factor in fluorochrome stainability (Schmid and Guttenbach 1988) . Our findings suggest that CMA--NORs might possess too less ribosomal cistrons or GC amounts to be highlighted by CMA, or that the CMA--NORs in fishes possess the same organization as in mammals. Mammalian NORs show no brilliant fl uorescence, even though the GC content in mammalian rDNA is as high as it is in other verte brates (e. g. Sinclair and Brown 1971) . The NORs of different cyprinid species might have undergone a heterogeneous evolution.
Summary
Chromomycin A3 and DAPI, together with silver nitrate, were used for staining the chromosomes of 4 species of cyprinid fishes, which led to the detection of CMA-positive hete rochromatins, DAPI-positive heterochromatins, and CMA-negative NORs. Present work suggested three types of heterochromatins and three types of NORs in the genomes of Cy prinidae.
